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OBJECTIVE

Glucagon-like peptide 1 receptor agonists (GLP-1RAs) improved multiple
proatherogenic risk factors and reduced cardiovascular events in recent clinical trials,
suggesting that they may slow progression of atherosclerosis. We tested whether
exenatide once weekly reduces carotid plaque progression in individuals with type 2
diabetes.

RESEARCH DESIGN AND METHODS

In a double-blind, pragmatic trial, 163 participants were randomized (2:1) to
exenatide (n 5 109) or placebo (n 5 54). Changes in carotid plaque volume and
composition were measured at 9 and 18 months by multicontrast 3 Tesla MRI.
Fasting and post–high-fat meal plasma glucose and lipids, and endothelial function
responses, were measured at 3, 9, and 18 months.

RESULTS

Exenatide reducedhemoglobinA1c (HbA1c) (estimateddifference vs. placebo0.55%,
P5 0.0007) and fasting and postmeal plasma glucose (19 mg/dL, P5 0.0002, and
25 mg/dL, P < 0.0001, respectively). Mean (SD) change in plaque volume in the
exenatide group (0.3% [2%]) was not different from that in the placebo group
(22.2% [8%]) (P5 0.4). The change in plaque volume in the exenatide group was
associated with changes in HbA1c (r5 0.38, P5 0.0004), body weight, and overall
plasma glucose (r5 0.29, P5 0.007 both). There were no differences in changes in
plaque composition, body weight, blood pressure, fasting and postmeal plasma
triglycerides, and endothelial function between the groups.

CONCLUSIONS

Exenatide once weekly for up to 18 months improved fasting and postprandial
glycemic control but did not modify change in carotid plaque volume or compo-
sition. This study raises the possibility that short-term antiatherosclerotic effects
may not play a central role in the cardiovascular benefits of GLP-1RAs.
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Intensive glucose lowering, particularly
in type 2 diabetes mellitus (T2DM) of
longer duration, has only modestly re-
duced the incidence of cardiovascular
disease (CVD) (1). In contrast, targeting
multiple cardiovascular risk factors si-
multaneously has been more successful
in preventing CVD (2). Glucagon-like
peptide 1 receptor agonists (GLP-1RAs)
often improvemultiple nonglycemic CVD
risk factors, including obesity, dyslipide-
mia, and hypertension (3–5). In our pre-
vious studies, several GLP-1RAs also
improved endothelial function (6,7).
Consistent with these effects, several

agents from the GLP-1RA class reduced
CVD events in recent cardiovascular out-
come trials (CVOTs) (8–11). Although
data from rodent models of atheroscle-
rosis (12–15) and open-label studies in
humans (16,17) suggest that the CVD
benefit of GLP-1RAs is due, in whole or in
part, to slowed progression of athero-
sclerosis, this has not been definitively
demonstrated in carefully conducted
randomized clinical trials.
MRI provides an accurate and highly

reproducible measurement of the entire
carotid arterial wall and reliably identifies
atherosclerotic plaque components such
as the lipid-rich necrotic core (LRNC) or
plaque calcification that are believed to
be related to plaque vulnerability and
CVD risk (18–20).When directly compared
with ultrasound carotid intima-media
thickness (CIMT), MRI carotid plaque vol-
ume is more consistently associated with
incident CVD, especially strokes (21).
In the current study we tested the

hypothesis that exenatide once weekly
will retard carotid plaque progression in
T2DM using 3 Tesla (3T) carotid MRI. We
also explored potential mechanisms by
which exenatide could affect changes in
plaque volume and composition, includ-
ing assessment of fasting and postpran-
dial endothelial function. The pragmatic
study design was similar to that of the
Exenatide Study of Cardiovascular Event
Lowering (EXSCEL), which also tested
exenatide once weekly (22).

RESEARCH DESIGN AND METHODS

Participants
Weconducted an18-month randomized,
double-blind, placebo-controlled, paral-
lel-group, pragmatic study with T2DM
patients recruited from the Phoenix Vet-
eransAffairsHealthCareSystem(PVAHCS).
The protocolwas approvedby the PVAHCS

Institutional Review Board, and all par-
ticipants provided informed written con-
sent. The trialwas registeredatClinicalTrials
.gov (NCT02162550).

The study enrolled individuals with
T2DM aged 21–75 years with hemoglo-
bin A1c (HbA1c) 6.5–10.0% [48–96mmol/
mol], on diet management only or stable
doses of oral antihyperglycemic agents
withorwithout long-acting insulin,witha
primary care provider amenable to their
participation. Exclusion criteria included
type 1 diabetes, current or recent GLP-1RA
use, current use of short-acting insulin,
contraindications to MRI, prior or antici-
pated carotid stenting or endarterectomy, a
CVD event within the past 6 months, and
other major illness or conditions affect-
ing participation risk (e.g., severe renal
disease, multiple endocrine neoplasia
syndrome type 2, hypersensitivity to
exenatide, severe gastrointestinal dis-
ease, or pregnancy). CIMT ,0.75 mm in
the target vessel, consistent with minimal-
to-modest atherosclerosis, was initially
among exclusion criteria; however, it was
abandoned after this value was exceeded
in thefirst30consecutiveenrollees.Within
;4weeksofthescreeningexam,qualifying
participants underwent a carotid MRI and
were invited to a baseline visit.

Outcomes
The primary outcome was change in
carotid plaque volume. Secondary out-
comes included changes in individual
carotid plaque components and changes
in fasting and postprandial cardiometa-
bolic measures and endothelial function.

Carotid MRI
Carotid MRI was performed at base-
line and 9 and 18 months with a 3T
MAGNETOM Skyra scanner (Siemens
Healthineers). A custom-built foam head/
neck holder limited head mobility and
together with a built-in midline laser
localizer was used to ensure accurate
positioning on repeat scans. An oblique
sagittal spin echo image was used to
determine flow-divider position of the
artery with the greatest plaque thickness
(target vessel) on initial scout views (in-
dex artery). T1, T2, proton-density (PD)
spin echo, and time-of-flight (TOF) gra-
dient echo imaging sequences were per-
formed 12 mm above and below the
carotid flow divider at 2-mm slice thick-
ness with a dedicated six-channel carotid
coil.

Plaque volume and characteristics
weremeasuredby a single trained reader
(cardiologist) blind to subject identity,
treatment allocation, and image order
using standard validated software (MRI-
PlaqueView; VP Diagnostics, Seattle,
WA). MRI images were analyzed only
in participants completing at least
9 months of the study: 126 tests at
baseline, 123 tests at 9 months, and
121 tests at 18 months. As described
previously (23), during analysis, T1/T2/
PD/TOF images of the index artery were
simultaneouslydisplayedon themonitor;
luminal and adventitial borders were
traced, and the volume of plaque was
calculated as the area between these
borders multiplied by slice thickness (2 mm).
Plaque components, including calcified
plaque and LRNC, were automatically
delineated with validated morphology-
enhanced probability mapping (24). The
software also delineated fibrous cap
area, the region between the LRNC and
the vascular lumen, that previously showed
high agreement with histologic findings
(25). Representative images with plaque
component delineation are shown in
Supplementary Fig. 1.

Total plaque and plaque component
volumes were calculated as the sum of
all corresponding slice volumes. For each
scan, mean volumes were calculated and
used in the statistical analyses. Plaque
volume was normalized to the total vessel
volume (wall 1 lumen), while the plaque
components volumes were normalized to
the plaque volume. Images with poor
quality were excluded from the analyses
(two at baseline and 9months and three at
18 months). The same carotid plaque im-
aging acquisition protocol, software, and
measurement methodology have previ-
ously been shown to have good to excellent
interscan reproducibility in multicenter
settings with comparable measurement
precision between MRI platforms (26),
and with an intrareader coefficient of
variability reported as 5.3% (23).

Study Visits
Participants were requested to maintain
their normal diet and physical activity
patterns and to avoid strenuous exercise
for at least 48 h prior to each study visit.
On the day of the visit, after fasting
overnight ($10 h) and refraining from
morning smoking or alcohol use, partic-
ipants were admitted to the PVAHCS
Clinical Research Centre at ;8:00 A.M.
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Upon arrival, they were placed in a hos-
pital bed in a quiet and darkened room
in a semirecumbent position.
An antecubital catheter (with blood

drawing ports) was placed, and ;30
min later endothelial function was as-
sessed by peripheral arterial tonometry
(EndoPAT 2000; Itamar Medical, Cae-
sarea, Israel) and calculated as reactive
hyperemia index (RHI), as previously de-
scribed (6). A blood sample was then
obtained for measurement of fasting
plasma lipids, HbA1c, and glucose concen-
tration, followed by ingestion of a stan-
dardized high-fat breakfast containing
400 kcal/m2 body surface area (45%
fat, 40% carbohydrate, and 15% protein),
consumed within 15 min. Blood draws
were repeated 2 and 4 h after the meal,
and RHI wasmeasured 3 h after themeal.

Randomization
After completing the baseline examina-
tions, participants were randomized in
blocks in a 2:1 ratio to receive 2 mg
exenatide or matching placebo subcuta-
neously, onceweekly. Standardizedmeal
tests and RHI assessment were repeated
at 3, 9, and 18 months. Visit follow-up
was augmented by interim phone calls to
assess side effects, medication injection
techniques and compliance, and current
medical history. Diabetes care wasmain-
tained by the patient’s primary care
team, although participants and pro-
viders were informed to avoid use of
non–study related GLP-1RAs and limit
DPP4 inhibitors, if possible. SGLT2 in-
hibitor use within the PVAHCS popula-
tion was minimal during this time frame.

Biochemical Analyses
HbA1c levels were measured on visit
days at the PVAHCS clinical laboratory
using an automated analyzer (Architect
8000; Abbott, Lake Forest, IL). Plasma
samples for lipid measurements were
stored at 280°C until assay with an
Abbott Architect 8000 automated ana-
lyzer. Plasma glucose concentrations
during the meal test were measured
bedside with an YSI2700-D glucose an-
alyzer (Yellow Springs Instruments, Yel-
lowSprings,OH). Plasmaexenatide levels
were evaluated by ELISA at Covance
Laboratories Inc. (Chantilly, VA).

Statistical Analyses
Statistical analyseswere conductedusing
SAS, version 9.2 (SAS Institute, Cary, NC).

The primary analysis included all partic-
ipants who completed at least 9 months
of the study (i.e., received at least one
follow-up MRI). A secondary, per-
protocol analysis included those who had
at least 80% self-reported compliance
with study medication use prior to each
MRI test.

Baseline characteristics of the treat-
ment groups were compared by the in-
dependent Student t test for continuous
data andbyx2 test or Fisher exact test for
categorical variables. The effect of treat-
ment on study outcomes over the study
was evaluated by mixed models for
repeated-measures analysis with adjust-
ment for participant-specific random ef-
fects and study visit. Interaction terms
were included in the models to test for
differential effects of treatment by study
visits.High-fatmeal–relatedoutcomes, i.e.,
plasmaglucoseandtriglycerides levels,and
RHI, were also adjusted for the measure-
ment time point. Spearman correlation
analysis was used to test the correlation
of changes in plaque volumewith changes
in metabolic and cardiovascular measure-
ments. Two-tailed P values ,0.05 were
considered statistically significant.

Power Analysis

Our previous study showed a mean dif-
ference of 6.1% and SD of;3% for MRI-
measured changes in plaque volume
after intensified versus stable statin ther-
apy (23). With use of this SD and two-
sample t test sample size calculations,
evaluation of 84 patients in the treat-
ment group and 42 patients in the pla-
cebo group (total 126 subjects) allowed
detection of a more conservative 1.6%
mean difference in plaque volume change,
i.e.,;25% of the difference detected with
statin intensification, at 80% power and
0.05 significance level.

Data and Resource Availability
The data sets used and/or analyzed during
the current study are available from the
corresponding author on reasonable re-
quest as permitted by the Phoenix Veter-
ans Affairs Institutional Review Board and
Veterans Affairs research policy.

RESULTS

Participant Study Flow and
Characteristics
The study commenced in May 2014,
and the last visit occurred in January
2019. Study participant flow is shown
in Supplementary Fig. 2. Out of 303

individuals screened in the study, 163
were enrolled and randomized to exena-
tide (n 5 109) or placebo (n 5 54).
Participants were predominantly White
(87%), males (96%) with a high preva-
lence of obesity (68%), hypertension
(91%), and use of lipid-lowering med-
ications (predominantly statins [81%]).
Baseline characteristics were not signif-
icantly different between the treatment
groups, except for higher systolic and
diastolic blood pressure in the placebo
group (Table 1).

A total of 131 and 122 participants
completed 9 and 18 months of therapy,
respectively (Supplementary Fig. 2). Self-
withdraw from the study was the most
frequent reason for early termination in
both groups. Withdrawal rates over the
course of the study were slightly lower in
those receiving exenatide, but the dif-
ference was not statistically significant
from that of the placebo group (P 5
0.14). Only one major CVD event (a CVD
death in the placebo group) occurred
during the study. Baseline characteristics
and 3-month change in cardiometabolic
measureswere not significantly different
between those who did and who did not
complete the 9-month visit, except for
lower baseline BMI and fasting triglycer-
ides and less body weight reduction in
those who withdrew prior to 9 months
(Supplementary Tables 1 and 2). Themost
common side effect in the exenatide
group was nausea (9%), followed by
diarrhea,  constipation,  and  minor
allergic reaction (all 6%) (Supplementary
table 3).

Treatment Effects on CVD Risk Factors
Baseline and on-study use of diabetes,
antihypertensive, and statinmedications
was not significantly different between
the treatment groups, except for higher
insulin usage in the placebo group at
3 months (Supplementary Table 4). As
expected, treatment with exenatide sig-
nificantly reduced HbA1c (by 0.55% over-
all vs. placebo, P 5 0.0007) (Fig. 1A).
Reduction in body weight was signifi-
cantly greater with exenatide early in the
study (3 and 9 months, P 5 0.008 at
9 months); however, at 18 months, the
reduction in body weight with a placebo
group was similar to exenatide (P5 0.9)
(Fig. 1B). There was no significant differ-
ence between the groups in systolic
blood pressure (Fig. 1C), but diastolic
blood pressure declined in the placebo
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group (P5 0.01, baseline vs. month 18),
while it remained unchanged with ex-
enatide (Fig. 1D). Heart rate was higher
after exenatide (P 5 0.01 overall vs.
placebo) (Fig. 1E). Plasma LDL decreased
more in the placebo group (P 5 0.01
overall vs. exenatide), while there were
no differences between the groups in
plasma total or HDL cholesterol concen-
trations (Fig. 1F–H).
Both fasting and postmeal plasma

glucose were reduced in the exenatide
group (P 5 0.0002 and P , 0.0001 vs.
placebo, respectively) (Fig. 2A and B).
Plasma triglycerides were reduced with
both exenatide and placebo (P , 0.002
and P , 0.0001 vs. baseline, respec-
tively); however, the response was not
different between the groups (P 5 0.5)
(Fig. 2C and D). RHI worsened in the
placebo group (P 5 0.02 vs. baseline);
however, the difference was not signif-
icant in comparison with exenatide (P5
0.4) (Fig. 2E and F).

Extent and Determinants of Carotid
Plaque
At baseline, mean (SD) total plaque vol-
ume was 942 (232) mm , re3

flecting
80 (19) mm per slice. Among all par-3

ticipants, 79% had LRNC plaque and 
95% had calcified plaque. In the who-
le cohort, plaque volume at follow-up

(lastavailable reading) was not different
from baseline (mean [SD] change 0%
[11%]). Figure 3A shows representative
imagesof baseline and follow-up scans of
those with an increase versus a decrease
in plaque volume. Changes in plaque
volume were positively associated with
changes inHbA1c, bodyweight, and over-
all meal plasma glucose (Supplementary
Table 5). After stratification by treatment
group, these significant associations of
changes in plaque volume and changes in
HbA1c, body weight, or glucose levels
were evident only in the exenatide
group (Fig. 3B and C and Supplementary
Table 5).

EffectsofTreatmentonPlaqueVolume
and Characteristics
Plaque volume and characteristics at base-
line were similar between the groups.
There were no effects of exenatide on
extent or change in plaque volume (P 5
0.8 overall effect on plaque volume dur-
ing the study) (Fig. 3D). The mean (SD)
change in plaque volume at the last avail-
able MRI follow-up reading was not dif-
ferent between the two groups (20.4%
[12%], exenatide, vs.22.2% [8%], placebo;
P 5 0.4 adjusted for the follow-up time).
There were also no significant treatment
differences in calcified plaque (P 5 0.4),
LRNC (P 5 0.11), or fibrous cap overlying

LRNC (P5 0.5) (Fig. 3E–G). Similar results
were obtained after normalization of pla-
que volume to total vessel volume or after
normalization of plaque components vol-
umes to theplaque volume (Fig. 3H–J). The
change in plaque volume in the exenatide
group was also not different in subgroups
defined according to baseline character-
istics (Supplementary Table 6).

Compliance with study medication
was similar in the exenatide and placebo
group (Supplementary Fig. 3A). A per-
protocol analysis in those who reported
injecting $80% of study medication
showed no differences between the ef-
fects of exenatide and placebo on changes
in plaque volume (Fig. 3K) and plaque
components (Supplementary Fig. 3B–D).
Therapeutic levels of exenatide (50 pg/mL)
were observed in the last-visit plasma
sample from 65 of 84 participants on
exenatide. There was no correlation be-
tween plasma exenatide levels and
changes in metabolic or vascular re-
sponses (Supplementary Fig. 4). The
mean (SD) change in plaque volume in
those with therapeutic exenatide levels
(0% [12%]) was similar to that in the
whole exenatide group and not different
from that in the placebo group (P5 0.4).

CONCLUSIONS

To testwhetherGLP-1RAs slowatheroscle-
rosis progression in T2DM, we conducted
an 18-month randomized, double-blind,
placebo-controlled study to examine the
effect of exenatide once weekly on carotid
plaque volume using a highly accurate
three-dimensional vascular imaging tech-
nique. Although there was a sustained
improvement in fasting, postmeal, and
overall glycemic control, there was no
evidence that exenatide once weekly
slowed progression of atherosclerosis or
altered plaque composition in comparison
with placebo. The negative results of our
study are in agreement with the modest
and nonsignificant reduction of CVD out-
comes in EXCSEL (22).

Previous studies suggested that GLP-
1RAsmay protect against atherosclerosis
and CVD through effects on the risk
factors such as hyperglycemia, obesity,
hypertension, and dyslipidemia (3–5). In
the current study, exenatideonceweekly
improved fasting and postprandial gly-
cemic control and modestly reduced
body weight (early in the study) but
had neutral effects on blood pressure
and fasting and postprandial plasma

Table 1—Clinical and demographic characteristics at baseline

Exenatide (n 5 109) Placebo (n 5 54) P

Sex (% male) 95 98 0.40

Race (% White) 90 80 0.09

Age (years) 63 6 8 64 6 7 0.90

BMI (kg/m2) 33 6 6 33 6 6 0.50

Obesity (%) 71 63 0.40

Diabetes duration (years) 6 6 4 6 6 4 0.40

Fasting glucose (mg/dL) 155 6 45 161 6 53 0.30

HbA1c (%) 7.8 6 1.2 8.1 6 1.3 0.20

HbA1c (mmol/L) 62 6 14 65 6 14 0.20

Systolic BP (mmHg) 135 6 17 141 6 18 0.03

Diastolic BP (mmHg) 81 6 11 85 6 13 0.02

History of hypertension (%) 94 87 0.20

History of CVD (%) 21 22 0.80

Smoking (%) 15 22 0.30

Statins (%) 80 83 0.70

Fasting triglycerides (mg/dL) 170 6 108 166 6 74 0.80

Fasting cholesterol (mg/dL) 149 6 32 160 6 39 0.11

HDL cholesterol (mg/dL) 43 6 10 43 6 10 0.90

LDL cholesterol (mg/dL) 75 6 24 84 6 34 0.10

Data aremeans6 SD unless otherwise indicated. P values indicate between-group comparison by
Student t test (for continuous variables) or by x2 test (for categories). BP, blood pressure.
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lipids. The extent of body weight and
HbA1c reduction was in line with that of
EXSCEL (22). Although EXSCEL showed a
statistically significant reduction in sys-
tolic blood pressure and plasma lipids,
these effects were rather modest (22).
However, CVOTs with GLP-1RAs that
showed significant CVD benefits also
reported very small or no changes in
blood pressure and plasma lipids (8,11).
Thus, it is unlikely that improvements in
these risk factors were responsible for
the observed differences in the CVD
benefits between GLP-1RAs. Preclinical
and early clinical evidence has also sug-
gested multiple direct protective effects
of GLP-1RAs in the vasculature and in
the heart, including anti-inflammatory

effects and improvements in cardiac
and endothelial function (27). Although
we did not measure changes in inflam-
mation, we would anticipate these ef-
fects to be modest without substantial
improvements in body weight or lipids.
We also did not see evidence for im-
provements in endothelial function in
the current study.

Whether related to the pragmatic
study design or not, there was excellent
control of multiple CVD risk factors in
both groups in line with current diabetes
guidelines. Consistent with this, only one
major CVD event occurred during the
study. This excellent management of
risk factors could have blunted the ability
to detect a treatment effect. A high

percentage of participants in the current
study, especially in the exenatide group,
were receiving statins at baseline (90%
vs. 74%). As significant reduction of
plaquevolumeandimprovementofplaque
properties have been previously observed
with statin therapy (23,28,29), it is possible
that concurrent extensive statin treatment
was sufficient to prevent atherosclerosis
progression, limiting any effect of exena-
tide. However, frequent statin usage and
very good plasma lipid management were
present in CVOTs with GLP-1RAs that
reported reduced CVD outcomes.

There was also relatively good re-
ported compliance with study medica-
tion, and importantly, similar changes in
plaque volume were seen in the second-
ary per-protocol (compliant participant)
analyses. Thus, the lack of significant
effect on atherosclerosis progression
was unlikely due to noncompliance with
exenatide therapy. This is supported
by the finding that .75% of the partic-
ipants randomized to exenatide had
plasma exenatide levels over the thera-
peutic threshold at the end of the study.
Although the number of days between
the last injection and the final study visit
may have varied, it is possible that not all
participants received the full benefit of
exenatide therapy because of subopti-
mal drug levels. However, low exenatide
levels are unlikely to explain the lack of
vascular or metabolic benefits, as no
changes in the major study outcomes
were related to plasma exenatide levels.

Consistent with previous studies with
variousGLP-1RAs (8,9,22,26), therewas a
significant increase in heart rate with
exenatide. As increased heart rate is
also a risk factor of CVD and carotid artery
stiffness (30,31), it is possible that the
effects on diastolic blood pressure and
heart rate counterbalance benefits of ex-
enatide on other proatherogenic risk fac-
tors. However, we found only a weak
nonsignificant relationship between
changes in heart rate and plaque volume.

We also believe that 9–18months was
long enough to detect intervention-
induced change in carotid plaque. Previous
open-label studies with liraglutide or
exenatide once weekly reported reduc-
tion of CIMT after only 8 months of
therapy (16,17). Importantly, in a pre-
vious study, using 3T MRI, we found
significant changes in carotid plaque
volume after only 6 months of statin
therapy (23).

Figure1—Theeffect of exenatideonceweeklyon change in cardiometabolic characteristics. HbA1c
(mmol/mol)510.929* |[HbA (%)1c 22.15]. Data aremeans6 SE. *P,0.05exenatide vs. placebo
over the course of the study, †P, 0.05 vs. baseline (0 months) for each visit. BP, blood pressure.

care.diabetesjournals.org Koska and Associates 1389



Despite sustained improvement of
glycemic control on average, substantial
heterogeneity in glycemic response to
therapy was present within the exena-
tide group, with several participants
showing no improvement or rises in
HbA1c during the study (Fig. 3B). Inter-
estingly, there was a significant correla-
tion between changes in plaque volume
and changes in glycemic response and
body weight in the exenatide group.
Although the absence of a correlation
between changes in plaque volume and
HbA1c in the placebo group could simply
reflect more modest HbA1c changes, this
is not likely an explanation for the cor-
relation of plaque volume change with
weight change, as the degree of weight
loss was similar in both groups. One may
speculate that in the exenatide group
these associations reflect the presence

of exenatide “responders” and “non-
responders” and that responders with
greater reductions in glycemia and body
weight with GLP-1RAs may also exhibit
greater atherosclerosis inhibition. Poly-
morphisms in the GLP-1R have been iden-
tified and found to be linked to differential
metabolic responses (32), but whether
they may also account for differences in
atherosclerosis has not yet been explored.

The lack of an antiatherosclerotic ef-
fect of exenatide does not appear to be
explained by insufficient plaque burden,
or its location, in the carotid artery in our
cohort. The presence of ample athero-
sclerosis was detected by ultrasound in
each of the first 30 patients enrolled in
the study. Moreover, baseline MRI esti-
mates of plaque volume were compara-
ble with those reported in individuals
at high CVD risk responding to statin

therapy (23,29) and LRNC further con-
firmed the presence of atherosclerotic
plaque at baseline in most of the study
participants. Additionally, measurements
of carotid atherosclerosis typically par-
allel measures of atherosclerosis in other
vascular beds (33), and ultrasound and
MRI measures of carotid atherosclerosis
have both been shown to predict CVD,
including stroke and myocardial infarc-
tion (18,21,34).

Recent meta-analysis of four GLP-1RA
CVOTs showed significant reduction in
overall and cardiovascular mortality but
not in stroke or myocardial infarction
(35). The lack of significant reduction in
these latter two cardiovascular events
(which are largely driven by atheroscle-
rosis) suggests that other mechanisms
besides slowing of atherosclerosis pro-
gression may contribute to the CVD
benefit of the GLP-1RAs. Some of these
pathways may involve improvement
of myocardial energy metabolism and
protection against ischemic damage,
improved microvascular function, and
antithrombotic effects (27,36–39). How-
ever, as these putativemechanismswere
demonstrated in laboratory models or
small clinical studies, their role in car-
dioprotective action of GLP-1RAs re-
mains speculative.

It must also be noted that CVOTs have
demonstrated substantial heterogeneity
between the different GLP-1RAs in their
effects on individual components of
CVDcompositeoutcomes (35), indicating
within-class differences in the mecha-
nisms of cardioprotection. Furthermore,
it has been hypothesized that exenatide-
based compoundsmay be less protective
compared with those derived from hu-
man GLP-1 because of less generation of
GLP-1 metabolites with alleged cardio-
protective actions (27).

Amajor strength of this studywas that
changes in carotid plaque volume were
evaluated by a highly accurate and re-
producible MRI methodology. Unlike ul-
trasound, carotidMRI captures theentire
circumference of the arterial wall and
allows detection of plaques that might
have remained undetected by ultrasound
(18). It is significantly less reader de-
pendent than ultrasound and may allow
measurement of additional plaque com-
ponents that are associated with greater
or lower risk of CVD events (20). It
has been shown that even simple two-
dimensional carotid wall measurement by

Figure 2—The effect of exenatide once weekly on metabolic (panels A–D) and vascular (panels E
and F) responses to a high-fat meal. Data are means6 SE. *P, 0.05 exenatide vs. placebo, †P,
0.05 follow-up vs. baseline (0 months) overall. The follow-up plot reflects data from the last
available visit for each person (9 months, n 5 9, or 18 months, n 5 122).
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MRI was more consistently associated
with incident CVD, particularly stroke,
than were intima-medial thickness mea-
sures by ultrasound (21).
Themajor limitation in this studywas a

relatively high discontinuation rate, with
80% and 75% of study participants com-
pleting 9 and 18 months of therapy,
respectively. Of note, the rate of pre-
mature discontinuation was driven pri-
marily by patient decision, as it was in
EXSCEL (22). However, the withdrawal
pattern appeared random, as the num-
bers and rationale were proportionate
between the treatment arms and there
were no major differences in baseline
characteristics or early treatment re-
sponses between those who did or did
not withdraw. Although it was surprising
to see trends for slightly higher plaque
volume, calcified plaque, and LRNC in the

exenatide group, these were not statis-
tically significant. The fibrous cap area
overlying LRNC, considered a structural
morphologic marker of plaque vulnera-
bility (25), was not significantly different,
so theabove trends inplaquevolumeand
composition differences do not support
increased plaque vulnerability in either
group. As the current study enrolled
typical T2DM patients who would be
eligible for therapy with GLP-1RAs, the
number of those with known CVD was
lower than for those in most CVOTs,
including EXCSEL (22).

In conclusion, in this first double-blind
placebo-controlled study of precise and
comprehensively measured changes in
carotid atherosclerosis, wewere not able
to detect any benefit of 18 months of
exenatide once-weekly treatment com-
paredwith placebo. It is possible that this

may be a medication-specific finding, as
the results of recent CVOTs provide
evidence for a more favorable effect
of several other GLP-1RA compounds
on CVD events typically related to ath-
erosclerosis. Our results also raise the
possibility that nonatherosclerotic path-
ways of CVD protection may be more
important than previously recognized.
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